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ABSTRACT 

S i z i n g  estimates have been  prepared  f o r  a n  Apo l lo  
Lunar  S u r f a c e  Exper iments  Package real-t ime f l i g h t  c o n t r o l  
computer  sys tem.  The e s t i m a t e s  a r e  p r e s e n t e d  as a n  example 
o f  a s y s t e m  which c o u l d  per form t h e  f l i g h t  s u p p o r t  f u n c t i o n .  
S i m u l t a n e o u s  s u p p o r t  o f  two ALSEPs was assumed. 

The computer sys tem would p r o c e s s  a p p r o x i m a t e l y  
1 , 0 0 0  t e l e m e t r y  p a r a m e t e r s  and i n i t i a t e  up t o  200  commands. 
The t e l eme t ry  parameters would be r e c e i v e d  a t  a r a t e  of 212 
samples p e r  second.  They would be  decommutated, c o n v e r t e d  t o  
e n g i n e e r i n g  u n i t s ,  l i m i t  checked,  and d i s p l a y e d .  

p r i n c i p a l  f e a t u r e s :  
The computer system would c o n s i s t  o f  t h e  f o l l o w i n g  

1. 

2 .  

3.  

4 .  

5 .  

A c e n t r a l  p r o c e s s i n g  u n i t  c a p a b l e  o f  e x e c u t i n g  a t  l e a s t  
35,000 i n s t r u c t i o n s  p e r  second,  w i t h  a c o r e  s t o r a g e  
c a p a c i t y  o f  90,000 8 -b i t  b y t e s  or 32,000 2 4  t o  3 6 - b i t  
words.  

Two 600 l i nes -pe r -minu te  p r i n t e r s ,  a c a r d  r e a d e r / p u n c h ,  
a number o f  d i s p l a y  l i g h t s ,  and a command c o n s o l e  
t y p e w r i t e r  a t t a c h e d  t o  a computer i n p u t / o u t p u t  c h a n n e l .  

A magnet ic  t ape  u n i t  and 1 0 0 , 0 0 0  b y t e s  o f  d i s k  s t o r a g e  
a t t a c h e d  t o  a computer i n p u t / o u t p u t  c h a n n e l .  

E i g h t  drum r e c o r d e r s  and  t h r e e  8-channel  s t r i p  c h a r t  
r e c o r d e r s  a t t a c h e d  t o  a computer i n p u t / o u t p u t  c h a n n e l .  

A communication network i n t e r f a c e  t e r m i n a l  a t t a c h e d  t o  
a computer i n p u t / o u t p u t  c h a n n e l .  
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I N T R O D U C T I O N  

T h i s  memorandum p r e s e n t s  s i z i n g  es t imates  f o r  .an 
AApollo Lunar  S u r f a c e  Experiments  Package (ALSEP) r e a l - t i m e  
f l i g h t  c o n t r o l  computer  sys tem.  Es t imates  o f  computer 
i n s t r u c t i o n  e x e c u t i o n  t i m e ,  c o r e  s t o r a g e ,  and p e r i p h e r a l  
d e v i c e s  a re  i n c l u d e d .  

The s i z i n g  e s t i m a t e s  a r e  based on t h e  ALSEP F l i g h t  1/ 
F l i g h t  2 c o n f i g u r a t i o n  s u p p o r t  r e q u i r e m e n t s .  These a r e  con- 
s i d e r e d  t o  b e  r e p r e s e n t a t i v e  f o r  o t h e r  f l i g h t s .  

The r e a l  t i m e  f l i g h t  c o n t r o l  a c t i v i t i e s  w i l l  b e  as 
f o l l o w s :  

1. I n i t i a l i z a t i o n  and C a l i b r a t i o n  - After t h e  a s t r o n a u t s  
d e p l o y  t h e  ALSEP, t h e  e x p e r i m e n t s  w i l l  be  t u r n e d  on .  
i n i t i a l i z e d  and c a l i b r a t e d .  
w i l l  i n i t i a t e  commands, and m o n i t o r  t h e  ALSEP's r e s p o n s e  
t o  t h e  commands. The e x p e r i m e n t s  may have t o  be  
r e c a l i b r a t e d  from t ime t o  t i m e  t h r o u g h o u t  t h e  r ema inde r  
o f  t h e  m i s s i o n .  

C o n t r o l  C e n t e r  p e r s o n n g l  

2 .  Mon i to r ing  - A p e r i o d i c a l l y  t h r o u g h o u t  t h e  m i s s i o n  t h e  
e x p e r i m e n t s  and subsys tems w i l l  be  m o n i t o r e d .  Commands 
w i l l  be  i n i t i a t e d  as  r e q u i r e d  t o  improve pe r fo rmance .  

Up t o  t h r e e  ALSEP m i s s i o n s  must be  s u p p o r t e d ,  w i t h  
two hand led  s i m u l t a n e o u s l y .  Support  w i l l  be p r o v i d e d :  

1. Con t inuous ly  d u r i n g  t h e  f i r s t  45 d a y s  o f  e a c h  m i s s i o n .  

2 .  Fo r  two h o u r s  p e r  d a y  d u r i n g  t h e  r ema inde r  o f  e a c h  
m i s s i o n .  

3. Twice a month f o r  up t o  6 0  h o u r s ,  a t  each  l u n a r  s u n r i s e  
and s u n s e t .  

PROCESSING REQUIREMENTS 

The computer system must h a n d l e  subsys tem d a t a ,  
e x p e r i m e n t s  data and commands. The subsys tem and e x p e r i m e n t s  
data  must be  decommutated, c o n v e r t e d  t o  e n g i n e e r i n g  u n i t s ,  and 
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d i s p l a y e d .  The  subsys tem d a t a  must a l s o  be l i m i t  checked .  
Commands must be i n i t i a t e d  and t h e i r  e x e c u t i o n  v e r i f i e d .  

I n  t h e  normal  o p e r a t i n g  mode e a c h  ALSEP w i l l  t e lemeter  
one frame of da ta  c o n t a i n i n g  s i x t y - f o u r  1 0 - b i t  words e a c h  0.604 
second .  The 64  words i n  e a c h  frame are  a l l o c a t e d  as f o l l o w s :  

F u n c t i o n  Words/Frame 

3 
43 

Magnetometer Experiment 7 
5 

S o l a r  Wind Experiment  4 
Subsystem Housekeeping 1 
Command V e r i f i c a t i o n  1 

Te leme t ry  System C o n t r o l  
P a s s i v e  S e i s m i c  Experiment 

Supra the r rna l  I o n  D e t e c t o r  and 
Cold Cathode Gauge Experiment 

The e x p e r i m e n t ,  subsystem and command da t a  s t r u c t u r e s  
a r e  d i s c u s s e d  below:* 

1. P a s s i v e  Se i smic  Experiment (PSE) - Two ALSEP frames are  
r e q u i r e d  t o  comple te  a PSE c y c l e .  
of 86 words and r e p e a t s  e v e r y  1 . 2  s econds .  
1 0 - b i t  s c i e n t i f i c  p a r a m e t e r s  a re  supercommutated i n  
43 words p e r  f rame.  
f i v e  c a l i b r a t i o n  c a t e g o r i e s ,  e a c h  r e q u i r i n g  a s e p a r a t e  
c a l i b r a t i o n  c u r v e  to c o n v e r t  t h e  p a r a m e t e r s  t o  e n g i -  
n e e r i n g  u n i t s .  * *  

The c y c l e  c o n s i s t s  
E i g h t ,  

The parameters can  be  grouped i n  

2 .  Magnetometer Experiment (ME) - S i x t e e n  ALSEP frames are 
r e q u i r e d  t o  comple te  an  ME c y c l e .  The c y c l e  c o n s i s t s  
o f  1 1 2  words and r e p e a t s  e v e r y  9 . 6  s e c o n d s .  Three ,  
1 0 - b i t  s c i e n t i f i c  p a r a m e t e r s  a r e  supercornmutated i n  
s i x  words p e r  frame. E i g h t ,  7 - b i t  e n g i n e e r i n g  param- 
e t e r s  and n i n e t e e n  3 - b i t  e n g i n e e r i n g  p a r a m e t e r s  a r e  
subcommutated i n  one word p e r  frame. The p a r a m e t e r s  
can  be  grouped  i n  f i v e  c a l i b r a t i o n  c a t e g o r i e s .  

3 .  S o l a r  Wind Experiment (SWE) - Seven hundred and f o r t y -  
f o u r  ALSEP frames a r e  r e q u i r e d  t o  comple te  an  SWE 
c y c l e .  
o f  186  words--and r e p e a t s  e v e r y  4 4 6  s econds .  One 
hundred and s i x t y - e i g h t  8 - b i t  s c i e n t i f i c  p a r a m e t e r s  

The c y c l e  c o n s i s t s  o f  2 ,976 words--16 sequences  

*See r e f e r e n c e s  1, 2 and 3 f o r  a more d e t a i l e d  d e s c r i p t i o n  
o f  t h e  ALSEP f o r m a t s .  

**Sensors  w i t h  t h e  same range  and a c c u r a c y  a re  grouped i n  a 
common c a l i b r a t i o n  c a t e g o r y  f o r  t h e  p u r p o s e  o f  pe r fo rming  e n g i -  
n e e r i n g  u n i t  c o n v e r s i o n s .  
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4. 

5. 

5 .  

and ninety-two 8-bit engineering parameters are sub- 
commutated in four words per frame. 
can be grouped in 12 calibration categories. 

The parameters 

Suprathermal Ion Detector Experiment/Cold Cathode 
Gauge Experiment (SIDE/CCGE) - Two hundred and fifty- 
six ALSEP frames are required to complete a SIDE/CCGE 
cycle. 
of 128 words--and repeats every 154 seconds. Two 
20-bit parameters are subcommutated in two words per 
frame. 
eters are subcommutated in three words per frame. The 
parameters can be grouped in 30 calibration categories. 

The cycle consists of 1,280 words--10 sequences 

One hundred and ninety-four 7 or 8-bit param- 

Subsystem Housekeeping - Ninety ALSEP frames are required 
to complete a housekeeping cycle. The cycle consists 
of 90 words and repeats every 54 seconds. Ninety 8-bit 
parameters are subcommutated in one word per frame. The 
parameters can be. grouped in 46 calibration categories. 

Command - There are sixty-six 61-bit command words, 
each containing one command. Each ALSEP frame contains 
one 10-bit command verification word which indicates 
the last accepted command. 

COMPUTER PROGRAM DESIGN 

Functional flow charts for an ALSEP computer program 
were developed in order to size the flight support computer. A 
program overview is presented in Figure 1 and the major program 
functions are presented in more detail in Figures 2-7. The 
functions are: 

1. 

2 .  

3. 

4. 

5. 

5. 

7. 
8. 

ex e c ut ed 

Initialize program. 

Initiate commands and request display formats. 

Manned Space Flight Network (MSFN) data input. 

MSFN input processing. 

Decommutate. 

Calibrate. 

Limit test. 

Display. 

Worst case estimates E' the number of &nstructions 
. per 10-bit ALSEP data word processed, total number of 

program instructions, data table storage and work area storage 
were developed. The number of instructions executed per data 
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word p r o c e s s e d  m u l t i p l i e d  by  t h e  ALSEP t e l e m e t r y  i n p u t  r a t e  
w i l l  i n d i c a t e  t h e  i n t e r n a l  speed r e q u i r e m e n t s  o f  t h e  f l i g h t  
s u p p o r t  computer .  The number of program i n s t r u c t i o n s ,  data 
t a b l e  s t o r a g e  and work area s t o r a g e  w i l l  i n d i c a t e  t h e  i n t e r n a l  
c o r e  memory and a u x i l i a r y  memory r e q u i r e m e n t s .  The es t imates  
a re  p r e s e n t e d  i n  terms of a b y t e  o r i e n t e d  computer .  An a v e r a g e  
i n s t r u c t i o n  s i z e  of f o u r  8 - b i t  b y t e s  i s  assumed. 

The e s t i m a t e s  r e p r e s e n t  t h e  a u t h o r ' s  e n g i n e e r i n g  
judgement ,  based on a n  e v a l u a t i o n  of  t h e  f u n c t i o n s  d e p i c t e d  
i n  t h e  f l o w  c h a r t s .  The f l o w  c h a r t e d  f u n c t i o n s  and es t imates  
a re  d e s c r i b e d  below: 

1. I n i t i a l i z e  Program ( F i g u r e  2 )  - I n  t h i s  f u n c t i o n  a l l  
v a r i a b l e  program c o n d i t i o n s  are i n i t i a l i z e d .  S i n c e  
t h e  i n i t i a l i z i n g  a c t i v i t y  i s  per formed o n l y  a t  t h e  
b e g i n n i n g  o f  e a c h  s u p p o r t  p e r i o d ,  i t  would have a 
n e g l i g i b l e  impact  on t h e  es t imate  o f  t o t a l  i n s t r u c t i o n s  
e x e c u t e d  p e r  data word p r o c e s s e d .  Twenty- f ive  i n -  
s t r u c t i o n s  r e q u i r i n g  1 0 0  b y t e s  would b e  r e q u i r e d  t o  
s u p p o r t  one ALSEP and 50 i n s t r u c t i o n s  r e q u i r i n g  2 0 0  
b y t e s  would be r e q u i r e d  t o  s u p p o r t  two ALSEPs.  

2 .  I n i t i a t e  Commands and Request  D i s p l a y  Formats  ( F i g u r e  3 )  - 
T h i s  f u n c t i o n  i s  performed p r i o r  t o  p r o c e s s i n g  e a c h  
ALSEP f rame.  It e n a b l e s  t h e  f l i g h t  c o n t r o l  p e r s o n n e l  
t o  i n i t i a t e  commands t o  t h e  ALSEP and t o  s e l e c t  f o r m a t s  
f o r  d i s p l a y i n g  t h e  ALSEP t e l e m e t r y  parameters.* R e q u e s t s  
a r e  i n i t i a t e d  from a f l i g h t  c o n t r o l  c o n s o l e .  Two c y c l e s  
t h r o u g h  t h i s  f u n c t i o n  a r e  r e q u i r e d  t o  s e r v i c e  e a c h  
r e q u e s t .  One c y c l e  i s  r e q u i r e d  t o  r e c o g n i z e  t h e  r e q u e s t  
and i n i t i a t e  a n  i n p u t  t o  t h e  computer .  The n e x t  c y c l e  
i s  r e q u i r e d  t o  p r o c e s s  t h e  r e q u e s t .  Commands a re  o u t p u t  
t o  t h e  Manned Space F l i g h t  Network (MSFN) and new 
d i s p l a y  f o r m a t s  a r e  r e t r i e v e d  from a u x i l i a r y  s t o r a g e . * *  
The a c t i o n s  t a k e n  are i n d i c a t e d  a t  t h e  f l i g h t  c o n t r o l  
c o n s o l e .  

*An i n i t i a l  s e l e c t i o n  of d i s p l a y  f o r m a t s  i s  i n c l u d e d  w i t h  
t h e  ALSEP program, when it  i s  loaded i n t o  t h e  computer .  

**When a new d i s p l a y  i s  r e q u e s t e d ,  t h e  d i s p l a y  i t  i s  re -  
p l a c i n g  w i l l  be  t e r m i n a t e d .  The aew d i s p l a y  w i l l  b e  p r e s e n t e d  
a f t e r  t h e  new d i s p l a y  fo rma t  i s  r e t r i e v e d  from a u x i l i a r y  s t o r a g e  
and t h e  parameters t o  b e  d i s p l a y e d  have been assembled i n  a d i s -  
p l a y  b u f f e r .  
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S i z i n g  E s t i m a t e s  

A .  I n s t r u c t i o n s  e x e c u t e d  p e r  data word = l e s s  t h a n  I* 

B .  I n s t r u c t i o n s  - one o r  two ALSEPs = 55 = 2 2 0  b y t e s  

C .  Tab le  s t o r a g e  - one ALSEP = 530 b y t e s  

D .  T a b l e  s t o r a g e  - two ALSEPs = 1 , 0 6 0  b y t e s  

E .  Work area - one or two ALSEPs = 25 b y t e s  

3 .  MSFN Data I n p u t  ( F i g u r e  4) - It i s  assumed t h a t  t h e  
ALSEP data a re  r o u t e d  f rom t h e  remote  s i t e s  t o  GSFC 
i n  s t a n d a r d  MSFN 2400  b i t  messages a t  one second 
i n t e r v a l s .  F i v e  frames f rom e a c h  ALSEP a re  i n -  
c l u d e d  i n  e v e r y  t h r e e  messages .  A t  GSFC, e a c h  
message i s  r epacked  a l o n g  w i t h  overhead  i n f o r m a t i o n  
i n t o  f i v e  600 b i t  d a t a  b l o c k s  and r o u t e d  t o  M S C  i n  
t h e  same manner as Apol lo  da t a .  The data  b l o c k s  a re  
i n p u t  to t h e  f l i g h t  s u p p o r t  computer  f rom equipment  
i n t e r f a c i n g  w i t h  t h e  data c i r c u i t s  f rom GSFC. An 
i n p u t  i s  i n i t i a t e d  when a data p r e s e n t  s i g n a l  i s  
s e n t  from t h e  i n t e r f a c e  equipment t o  t h e  computer .  
The e x e c u t i v e  r o u t i n e  i n t e r r u p t s  t h e  computer ac -  
t i v i t y  b e i n g  performed and  reads t h e  ALSEP da ta  i n t o  
a n  i n p u t  b u f f e r .  Message s y n c h r o n i z a t i o n  i s  es- 
t a b l i s h e d  when t h e  f i r s t  b l o c k  of a t h r e e  message-- 
f i v e  ALSEP frame--sequence i s  read .  

The i n p u t s  o c c u r  a p e r i o d i c a l l y  w i t h  a n  a v e r a g e  i n p u t  
r a t e  of  one t e l e m e t r y  frame p e r  0 . 6 0 4  second from 
e a c h  ALSEP. The i n p u t  b u f f e r  r e t a i n s  t h e  l a s t  t h r e e  
seconds  of d a t a  r e c e i v e d .  The t h r e e  second i n p u t  
b u f f e r  a l l o w s  t h e  o t h e r  computer  p r o c e s s i n g  f u n c t i o n s  
t o  b e  performed p e r i o d i c a l l y ,  on a frame b y  frame basis .  

S i z i n g  E s t i m a t e s  

A .  I n s t r u c t i o n  execu ted  p e r  data  word = l e s s  t h a n  1 

B .  I n s t r u c t i o n s  - one or two ALSEPs = 1 6  = 6 4  b y t e s  

C .  Work a r e a  - one o r  two ALSEPs = 1,125 b y t e s  

4 .  MSFN I n p u t  P r o c e s s i n g  ( F i g u r e  5 )  - I n  t h i s  f u n c t i o n  
data i n  t h e  i n p u t  b u f f e r  a re  assembled i n t o  frames. 

"S ince  t h i s  f u n c t i o n  i s  performed p r i o r  t o  p r o c e s s i n g  each  
ALSEP frame, t h e  number of i n s t r u c t i o n s  execu ted  i n  t h e  f u n c t i o n  
d i v i d e d  by  t h e  number of data  words i n  a frame y i e l d s  t h e  i n -  
s t r u c t i o n s  execu ted  p e r  data word ( i . e . ,  47 f o r  one ALSEP and 47 - 
f o r  two ALSEPs) .  6 4  1 2 8  
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One frame i s  assembled e a c h  t i m e  t h e  f u n c t i o n  i s  
per formed.  After  t h e  frame i s  assembled t h e  Greenwich 
Mean T i m e  ( G M T )  and t h e  q u a l i t y  i n d i c a t o r s  ( e . g . ,  frame 
s y n c h r o n i z a t i o n  words,  frame c o u n t ,  e t c . )  a s s o c i a t e d  
w i t h  t h e  f rame are  examined. The GMT and q u a l i t y  f l a g s  
are l o a d e d  i n t o  d i s p l a y  b u f f e r s .  I f  ALSEP frame 
s y n c h r o n i z a t i o n  i s  l o s t ,  a s e a r c h  mode f l a g  w i l l  b e  s e t  
f o r  t h e  decommutate f u n c t i o n .  

S i z i n g  Est imates  

A .  I n s t r u c t i o n s  execu ted  p e r  data word = 1 2 *  

B. I n s t r u c t i o n s  - one ALSEP = 52 = 208  b y t e s  

C .  I n s t r u c t i o n s  - two ALSEPs = 1 0 4  = 4 1 6  b y t e s  

D .  Work area - one ALSEP = 1 3 0  b y t e s  

E. Work area - two ALSEPs = 2 6 0  b y t e s  

5. Decommutate ( F i g u r e  6 )  - T h i s  f u n c t i o n  decommutates 
t h e  p r e v i o u s l y  assembled frame of ALSEP data.  It 
o p e r a t e s  i n  a s e a r c h  mode and a c y c l e  mode. I n  t h e  
s e a r c h  mode t h e  ALSEP p a r a m e t e r s  a r e  examined t o  
i d e n t i f y  t h e  beg inn ing  of e a c h  of t h e  expe r imen t  
c y c l e s  and t h e  subsystem housekeeping  c y c l e .  S i n c e  
t h e  v a r i o u s  c y c l e s  are  n o t  synchronous ,  t h e  f u n c t i o n  
w i l l  a t  t i m e s  b e  i n  t h e  s e a r c h  mode f o r  one exper iment  
and t h e  c y c l e  mode for a n o t h e r .  

When o p e r a t i n g  i n  t h e  c y c l e  mode, d i s p l a y  fo rma t  
t a b l e s  a re  used  t o  s e l e c t  t h e  a p p r o p r i a t e  c a l i b r a t i o n  
r o u t i n e ,  t e s t  l i m i t s ,  and d i s p l a y  b u f f e r  l o c a t i o n  for 
e a c h  parameter which i s  to b e  d i s p l a y e d . * *  One p a r a m e t e r  
i s  decommutated e a c h  t i m e  t h e  f u n c t i o n  i s  pe r fo rmed .  
The d i s p l a y  t a b l e s  i n d i c a t e  t h e  a c t i o n  t o  b e  t a k e n  
on each parameter i n  e a c h  of t h e  v a r i o u s  c y c l e s .  F o r  
example,  t h e  housekeeping  d i s p l a y  t a b l e :  

a .  P o i n t s  t o  a c a l i b r a t i o n  r o u t i n e  and c a l i b r a t i o n  
c o n s t a n t s  f o r  each  parameter. 

*The a c t i v i t y  d e p i c t e d  i n  t h e  f low c h a r t  box "Assemble Next 
ALSEP Te leme t ry  Frame" c o n s i s t s  of a s e r i e s  of i n s t r u c t i o n s  which  
must be  r e p e a t e d  f o r  e a c h  d a t a  word i n  t h e  frame. The a c t i v i t i e s  
d e p i c t e d  i n  t h e  o t h e r  f l o w  c h a r t  boxes are per formed once p e r  frame. 

**Twenty-five f o r m a t s  are  p r o v i d e d  t o  a l l o w  a v a r i e t y  o f  
expe r imen t  and subsys tem d i s p l a y  c o m b i n a t i o n s .  Approximate ly  
1 0 0 , 0 0 0  b y t e s  of  o f f - l i n e  s t o r a g e  a re  r e q u i r e d  f o r  t h e  f o r m a t s .  
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b .  P o i n t s  to a d i s p l a y  b u f f e r  l o c a t i o n  f o r  e a c h  
p a r a m e t e r .  

e .  C o n t a i n s  a n  uppe r  t e s t  l i m i t  f o r  e a c h  parameter. 

d .  C o n t a i n s  a lower  t e s t  l i m i t  f o r  e a c h  p a r a m e t e r .  

S i z i n g  E s t i m a t e s  

A .  I n s t r u c t i o n s  execu ted  p e r  data word = 20  

B. I n s t r u c t i o n s  - one ALSEP = 1 6 0  = 640 b y t e s  

C .  I n s t r u c t i o n s  - t w o  ALSEPs = 320 = 1 , 2 8 0  b y t e s  

D. T a b l e  s t o r a g e  - one ALSEP = 7 , 3 6 0  b y t e s  

E. T a b l e  s t o r a g e  - two ALSEPs = 1 4 , 7 2 0  b y t e s  

6. C a l i b r a t e  and L i m i t  T e s t  ( F i g u r e  7 )  - Afte r  a n  i n d i -  
v i d u a l  p a r a m e t e r  i s  decommutated i t  i s  c a l i b r a t e d ,  
l i m i t  t e s t e d  if r e q u i r e d ,  c o n v e r t e d  t o  t h e  a p p r o p r i a t e  
d i s p l a y  code format  and s t o r e d  i n  the a p p r o p r i a t e  
d i s p l a y  b u f f e r  l o c a t i o n .  It i s  es t imated t h a t  1 6  
c a l i b r a t i o n  r o u t i n e s  w i t h  1 0 2  s e t s  o f  c o n s t a n t s ,  f o u r  
c a l i b r a t i o n / l i m i t  tes t  r o u t i n e s  w i t h  92  
s t a n t s  and t h r e e  conve r s ion  r o u t i n e s  would b e  a d e q u a t e  
t o  h a n d l e  t h e  wors t  ca se  combina t ion  of  p a r a m e t e r s  f rom 
two ALSEPs. T h i s  i s  based on p r o v i d i n g  two c a l i b r a t i o n  
r o u t i n e s  f o r  each  expe r imen t ,  two c a l i b r a t i o n /  
l i m i t  t e s t  r o u t i n e s  f o r  e a c h  housekeeping  subsys t em 
and a s e p a r a t e  s e t  o f  c o n s t a n t s  for e a c h  c a l i b r a t i o n  
c a t e g o r y .  

s e t s  of  con- 

S i z i n g  Es t imates  

A .  I n s t r u c t i o n s  executed  p e r  data  word = 4 0  

B. I n s t r u c t i o n s  - one ALSEP = 2 4 0  = 960 b y t e s  

C. I n s t r u c t i o n s  - t w o  ALSEPs  = 3 2 0  = 1,380 b y t e s *  

D. T a b l e  s t o r a g e  - one ALSEP = 1,280 b y t e s  

E.  T a b l e  s t o r a g e  - t w o  ALSEPs = 1 , 7 0 0  b y t e s *  

*It i s  assumed t h a t  t h e  i n s t r u c t i o n s  and t a b l e s  f o r  a number 
of t h e  r o u t i n e s  w i l l  be common t o  b o t h  ALSEPs. 
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7 .  D i s p l a y  ( F i g u r e  8 )  - A t  t h e  c o m p l e t i o n  of e a c h  ex- 
p e r i m e n t  and subsys tem housekeep ing  c y c l e  t h e  d i s -  
p l a y  f u n c t i o n  i s  i n i t i a t e d .  Parameters a r e  r e a d  
out of  one of  two a l t e r n a t e  b u f f e r s ,  assembled i n  
a work area and o u t p u t  t o  t h e  a p p r o p r i a t e  d i s p l a y  
d e v i c e s .  Parameters i n  t h e  n e x t  c y c l e  w i l l  b e  
l o a d e d  i n t o  t h e  o t h e r  a l t e r n a t e  b u f f e r .  Thus,  
one b u f f e r  i s  b e i n g  loaded w h i l e  t h e  o t h e r  one  i s  
b e i n g  read o u t .  I n  o r d e r  t o  keep t h e  work area 
f rom becoming t o o  l a r g e ,  o n l y  a p o r t i o n  o f  t h e  
parameters i n  t h e  b u f f e r  i s  assembled f o r  d i s p l a y  
a t  one t i m e .  A f t e r  each  g roup  o f  parameters i n  
t h e  work area i s  o u t p u t  t o  a d i s p l a y  d e v i c e  a 
program i n t e r r u p t  w i l l  o c c u r .  The n e x t  g roup  of  
parameters w i l l  t h e n  b e  assembled, a n  o u t p u t  
i n i t i a t e d  and c o n t r o l  w i l l  be r e t u r n e d  t o  t h e  
i n t e r r u p t e d  program. The p a s s i v e  s e i s m i c  ex- 
pe r imen t  p a r a m e t e r s  a r e  d i s p l a y e d  i n  a n a l o g  form 
on drum r e c o r d e r s .  S e l e c t e d  magnetometer  and c o l d  
c a t h o d e  gauge exper iment  parameters are  d i s p l a y e d  
on s t r i p  c h a r t  r e c o r d e r s .  The subsys tem house-  
k e e p i n g  parameters, command v e r i f i c a t i o n  words,  
magnetometer  p a r a m e t e r s ,  s o l a r  wind p a r a m e t e r s ,  
s u p r a t h e r m a l  i o n  d e t e c t o r  parameters and c o l d  
c a t h o d e  gauge pa rame te r s  a r e  d i s p l a y e d  i n  d i g i t a l  
form on high-speed p r i n t e r s .  S e l e c t e d  housekeep ing  
p a r a m e t e r s  and command v e r i f i c a t i o n  words a re  
p r e s e n t e d  on d i s p l a y  l i g h t s .  

S i z i n g  E s t i m a t e s  

A .  I n s t r u c t i o n s  execu ted  pe r  d a t a  word = 30 

B .  I n s t r u c t i o n s  - one ALSEP = 225 = 900 b y t e s  

C .  I n s t r u c t i o n s  - two ALSEPs = 450  = 1800 b y t e s  

D .  T a b l e  s t o r a g e  - one ALSEP = 21,131 b y t e s  

E .  T a b l e  s t o r a g e  - two ALSEPs = 4 2 , 2 6 2  b y t e s  

F .  Work area - one ALSEP = 3 , 0 0 0  b y t e s  

G .  Work a r e a  - two ALSEPs = 6 , 0 0 0  b y t e s  

8 .  T o t a l  Program ( F i g u r e  1) - The t o t a l  program c o n s i s t s  
of  t h e  ALSEP p r o c e s s i n g  f u n c t i o n s  d e s c r i b e d  i n  1-7 
above and a r e a l - t i m e  e x e c u t i v e  r o u t i n e  which h a n d l e s  
a l l  i n p u t / o u t p u t  a c t i v i t i e s .  It i s  es t imated t h a t  
t h e  e x e c u t i v e  r o u t i n e  would r e q u i r e  4 , 0 0 0  words o f  
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c o r e  s t o r a g e  and would impose an  ove rhead  on t h e  
ALSEP p r o c e s s i n g  f u n c t i o n s  of up t o  50% ( i . e . ,  n o t  
more t h a n  one e x e c u t i v e  r o u t i n e  i n s t r u c t i o n  would 
have t o  be  e x e c u t e d  f o r  e v e r y  two ALSEP p r o c e s s i n g  
f u n c t i o n  i n s t r u c t i o n s  e x e c u t e d . ) *  The e x e c u t i v e  
r o u t i n e  1) answers  i n t e r r u p t s  and d i r e c t s  c o n t r o l  
t o  t h e  p r o p e r  h a n d l i n g  r o u t i n e s ;  2 )  suspends  rou -  
t i n e s  d u r i n g  a n  i n t e r r u p t  c y c l e  and r e s t o r e s  them 
a t  t h e  e a r l i e s t  o p p o r t u n i t y ;  3 )  a l l o w s  communicat ion 
between u s e r  r o u t i n e s  and t h e  e x e c u t i v e ;  and 4 )  se- 
quences  t h e  h a n d l i n g  o f  tasks a c c o r d i n g  t o  a p r e s e t  
p r i o r i t y  s t r u c t u r e .  

S i z i n g  Est imates  

A .  

B. 

C .  

Combined ALSEP f u n c t i o n  for two ALSEPs 

1. I n s t r u c t i o n s  e x e c u t e d  p e r  data  word = 1 0 4  

2 .  I n s t r u c t i o n s  = 1,315 = 5 , 2 6 0  b y t e s  

3 .  T a b l e  s t o r a g e  = 59,742 

4 .  Work area = 7,435 

E x e c u t i v e  Rou t ine  

1. I n s t r u c t i o n s  e x e c u t e d  p e r  data  word 
(50% overhead)  = 5 2  

2 .  I n s t r u c t i o n s  = 4,000 words = 16,000 b y t e s  

T o t a l  Program 

1. I n s t r u c t i o n s  e x e c u t e d  p e r  data  word = 1 5 6  

2 .  Core s t o r a g e  = 88,437 b y t e s  

COMPUTER SYSTEM REQUIREMENTS 

The proposed  ALSEP program would e x e c u t e  up t o  156 
i n s t r u c t i o n s  p e r  data word p r o c e s s e d .  S i n c e  t h e  combined 
i n p u t  r a t e  f o r  two ALSEPs i s  212 parameters p e r  s econd ,  t h e  
ALSEP computer  must b e  c a p a b l e  o f  e x e c u t i n g  73,100 i n s t r u c t i o n s  
p e r  s econd .  A c o r e  s t o r a g e  c a p a c i t y  o f  88,437 b y t e s  o r  
a p p r o x i m a t e l y  3 2 , 0 0 0 ,  24 t o  3 6 - b i t  words would b e  r e q u i r e d  

*Computer vendors  g e n e r a l l y  p r o v i d e  a s u i t a b l e  e x e c u t i v e  
r o u t i n e  f o r  e a c h  of t h e i r  real-time computers .  For example a 
3,500 word e x e c u t i v e  r o u t i n e  i s  p r o v i d e d  w i t h  t h e  S c i e n t i f i c  
Data System Sigma 7 and a 3 ,753  word e x e c u t i v e  sys t em i s  
p r o v i d e d  w i t h  t h e  Univac 41811. 
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f o r  i n s t r u c t i o n s ,  data  t ab le s  and  work areas.  An a d d i t i o n a l  
1 0 0 , 0 0 0  b y t e s  of  d i s k  s t o r a g e  would be  r e q u i r e d  f o r  d i s p l a y  
f o r m a t  t a b l e s .  A c a r d  r eade r /punch  and  magnet ic  t a p e  u n i t  
would be  r e q u i r e d  f o r  r o u t i n e  computer  sys tem f u n c t i o n s  
( e .g . ,  l o a d i n g  programs,  s t o r i n g  sys t ems  s o f t w a r e ,  e t c . ) .  

The p a r a m e t e r s  a re  t o  be d i s p l a y e d  i n  a n a l o g  form 
on drum and s t r i p  c h a r t  r e c o r d e r s ,  and i n  d i g i t a l  form on 
h i g h  speed  p r i n t e r s  and d i s p l a y  l i g h t s . *  E i g h t  drum r e c o r d e r s  
would be used  t o  d i s p l a y  t h e  p a s s i v e  s e i s m i c  expe r imen t  
p a r a m e t e r s .  T h r e e  e i g h t - c h a n n e l  s t r i p  c h a r t  r e c o r d e r s  would 
be used  t o  d i s p l a y  gauge e x p e r i m e n t s .  S i n c e  t hese  e x p e r i m e n t s  
r e p r e s e n t  11% of t h e  ALSEP p a r a m e t e r s ,  t h e  s t r i p  c h a r t  
r e c o r d e r s  must b e  c a p a b l e  of  d i s p l a y i n g  up t o  23 p a r a m e t e r s  
p e r  s econd .  

S e l e c t e d  housekeeping  p a r a m e t e r s  and command v e r i f i  

Two high-speed p r i n t e r s  would be used  t o  p r e s e n t  
s e p a r a t e  d i s p l a y s  f o r  t h e  two ALSEPs. Subsystem housekeep ing  
parameters, command v e r i f i c a t i o n  words ,  and  s e l e c t e d  e x p e r i -  
ment p a r a m e t e r s  would be d i s p l a y e d .  S i n c e  t h i s  c l a s s  of  
parameters r e p r e s e n t s  33% of t h e  ALSEP parameters, t h e  p r i n t e r s  
must be  c a p a b l e  of  d i s p l a y i n g  up t o  7 0  p a r a m e t e r s  p e r  s econd .  
Assuming t h a t  f o u r  pa rame te r s  w i t h  t h e  a p p r o p r i a t e  h e a d i n g s  
c o u l d  be d i s p l a y e d  on a p r i n t e r  l i n e ,  t h e  combined o u t p u t  of  
t h e  p r i n t e r s  would have t o  be 1 , 0 5 0  l i n e s  p e r  minute .*"  Thus 
t h e  p r i n t e r s  would e a c h  have t o  be c a p a b l e  of  p r i n t i n g  525 
l i n e s  per  minute .  

A communications network i n t e r f a c e  t e r m i n a l  would 
b e  r e q u i r e d  t o  r o u t e  t h e  ALSEP p a r a m e t e r s  and commands be- 
tween  t h e  MSFN s i t e s  and t h e  f l i g h t  s u p p o r t  computer .  

A command c o n s o l e  t y p e w r i t e r  would be  r e q u i r e d  t o  
i n i t i a t e  commands t o  t h e  ALSEPs and t o  r e q u e s t  changes  i n  
d i s p l a y  f o r m a t s .  

I n  summary, t h e  computer sys tem would c o n s i s t  o f  
t h e  f o l l o w i n g  b a s i c  f e a t u r e s :  

1. A c e n t r a l  p r o c e s s i n g  u n i t  c a p a b l e  of e x e c u t i n g  a t  
l eas t  35,000 i n s t r u c t i o n s  p e r  second w i t h  a c o r e  
s t o r a g e  c a p a c i t y  of 9 0 , 0 0 0  b y t e s  or 3 2 , 0 0 0  24 t o  
3 6 - b i t  words. 

2 .  Two 6 0 0  l i nes -pe r -minu te  p r i n t e r s ,  a c a r d  reader/  
punch u n i t ,  a number of d i s p l a y  l i g h t s ,  and a 
command c o n s o l e  t y p e w r i t e r  a t t a c h e d  t o  a computer  
i n p u t / o u t p u t  channe l .  

*Based on r e q u i r e m e n t s  s t a t ed  i n  Refe rences  2 and 3. 

**Lines p e r . m i n u t e  = 70/4 x 6 0  = 1,050 
~ 
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3. A magnet ic  t a p e  u n i t  and  1 0 0 , 0 0 0  b y t e  G L s k  un 
a t t a c h e d  t o  a computer i n p u t / o u t p u t  c h a n n e l .  

t 

4. E i g h t  drum r e c o r d e r s  and  t h r e e  8-channel  s t r i p  c h a r t  
r e c o r d e r s  a t t a c h e d  t o  a computer  i n p u t / o u t p u t  
c hanne 1. 

5.  A communication network i n t e r f a c e  t e r m i n a l  a t t a c h e d  
t o  a computer i n p u t / o u t p u t  c h a n n e l .  

C O N C L U D I N G  REMARKS 

Real t i m e  f l i g h t  s u p p o r t  f o r  t h e  ALSEP m i s s i o n s  
c o u l d  be  performed on a d e d i c a t e d  computer  sys tem o r  on a 
mul t i -pu rpose  computer  system. 
t h e  r e p o r t  can  b e  used  t o  i n d i c a t e  t h e  t o t a l  r e q u i r e m e n t s  
f o r  a d e d i c a t e d  sys tem o r  t h e  ALSEP p o r t i o n  of  t h e  r e q u i r e -  
ments  for a m u l t i - p u r p o s e  s y s t e m .  

The estimates deve loped  i n  
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4 MULTIPLIED BY FOUR TO 

I MSFN DATA I - 
EXECUTIVE 

1/0 HANDLING 
INPUT- 

I NTERRUPT 
BAS I S  

FIGURE I - ALSEP PROGRAM 



ESTABL ISH 
I N I T I  AL 
PROGRAM 

COND I T I  OMS 

S IZ ING ESTIMATES 

0 I NSTRUCT I OMS EXECUTED 
PER DATA WORD 210 

I NSTRUCT I OMS (WORDS) 
ONE ALSEP = 25 
TWO ALSEPS = 50 

*ESTIMATE OF THE NUMBER OF INSTRUCTIONS 
REQUIRED TO PERFORM THIS ACTIVITY. 

FIGURE 2 - I N  I TI  AL I ZE PROGRAM 
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PROCESS FORMAT 
: REQUESTS AND. 

SET DECOMM 
CYCLE TO SEARCH 

/&<- 
FORMATS FROM 

D I S C  AS 

S I Z I N G  ESTIMATES 

INSTRUCTIONS EXECUTED 
PER DATA WORD = I 

I NSTRUCT I ONS (WORDS) 

ONE ALSEP = 55 
TWO ALSEPS = 55 

ONE ALSEP = 530 
TWO ALSEPS = 1,060 

TABLE STORAGE (BYTES) 

REQUESTS .WORK AREA (BYTES) 

PROCESSED ONE ALSEP = 25 
TWO ALSEPS = 25 

FIGURE 3 - I N I T I A T E  COMMANDS AND REQUEST DISPLAY FORMATS 



' DATA BLOCK 
READ BY 

EXECUT I VE NEW MSFN i 
WSTABL I SHED/ N( 

IYES IYES I 

SET FLAG 
MESSAGE 

SYNCHRONIZATION H ESTABL I SHED 

SETUP INPUT 
BUFFER LOCAT IONS 

FOR NEXT 
DATA BLOCK 

L 

S I Z I N G  ESTIMATES 

I NSTRUCT I ONS EXECUTED 
PER DATA WORD ,-I 

I NSTRUCTI ONS 
ONE OR TWO ALSEPS = 16 

@ W O R K  AREA (BYTES) 
ONE OR TWO ALSEPS = I, 150 

* i  - INDICATES AN ENTRANCE OR EXIT FROM THE EXECUTIVE 
ROUTINE, AS A RESULT OF AN INTERRUPT. 

FIGURE 4 - MSFN DATA INPUT 



INPUT BUFFER 
CONTA I NS 

UNPROCESSED 

LOOP 

W 

ASS EM6 L E 
NEXT ALSEP 
TELEMETRY 

FRAME 

EXAM I NE 
GMT 

SET 
DECOMMUTATE 

CYCLES TO 
SEARCH MODE 

SETUP QUALITY 
FLAGS AND 

GMT I N  
DISPLAY BUFFERS 

A 

S I Z I N G  ESTIMATES 

I NSTRUCTI ONS EXECUTED 
PER DATA WORD = 12 

I NSTRUCTI ONS (WORDS) ' 

ONE ALSEP = 52 
TWO ALSEPS = 104 

WORK AREA (BYTES) 

ONE ALSEP = 130 
TWO ALSEPS = 260 

FIGURE 5 - MSFN INPUT PROCESSING 



5 
h 1 

SELECT 
PAR M E T  E R 

FROM INPUT 
BUFFER 

S l Z l K  ESTtMATES 

INSTRUCT I ONS EXECUTED 

I NSTRUCT I ONS (WORDS) 
TYP I CAL EXPER I MENT 
TOTAL - ONE ALSEP 
TOTAL - TWO ALSEPS 

PER DATA WORD 

TABLE STORAGE (BYTES) 

COMMAND 
TOTAL ONE ALSEP 
TOTAL TWO ALSEPS I DENT I FY 

SELECTED 

SELECT APPROPRIATE 
CALIBRATION ROUTINE 

TEST L I M I T S  
AND DISPLAY 

BUFFER LOCAT I ON 

ADVANCE 
FRAME COUNT 

TO NEXT 
CYCLE 

*A  TOTAL OF F I V E  DECOMMUTATE ROUTINES 
i 

ARE REQUIRED PER ALSEP - ONE FOR EACH 
EXPERIMENT AND ONE FOR SUBSYSTEM 
HOUSEKEEP I NG/COMMANDS. 

20 - - 

32* - - 
= 160 
= 320 

= $00 
= $50 
= 6 5 0  
= 5 ,130 
= 720 

I O  
= 7 , 3 6 0  
= 14,720 

- - 

F I GURE 6 - DECOMMUTATE 



CALI  BRATE 
I DENT I F I ED 
PARAMETER 

-t 

SETUP 
OUT OF L I M I T S  

FLAG 

S I Z I N G  ESTIMATES 

INSTRUCT IONS EXECUTED 

INSTRUCTIONS (WORDS) 

PER DATA WORD = 40 

= 40 
= 40 
= 40 
= W 
= 50 

= 240 
TOTAL TWO ALSEPS = 320 

r t 10 + 

CONVERT - PARAMETER 

3 

FOR DISPLAY 
DEV I CE 

- 
I 

r * 

STORE PARAMETER 
I N  DISPLAY 

BUFFER LOCATIONS 
INDICATED BY DECOM 

I YES 

I 

TABLE STORAGE (BYTES) 
PSE (5 TYPES) 

TOTAL ONE ALSEP 
TOTAL TWO ALSEPS 

= 50 
= 50 
= 120 
= 300 
= 460 
= 300 
= 1,280 
= 1,700 

FIGURE 7 -CALIBRATE AND L I M I T  TEST 
6 



NO 

SETUP 0-i PARAMETERS FOR 

OUTPUT 

APPROPR I ATE 
D I SPLAY 

SET CYCLE 
D ECOMMUT ATE 
TO SEARCH 

S I Z I N G  ESTIMATE 
INSTRUCT I OMS EXECUTED 
PER DATA WORD 

INSTRUCTIONS (WORDS) 
TYPICAL EXPERIMENT 
TOTAL - ONE ALSEP 
TOTAL - TWO ALSEPS 

TABLE STORAGE (BYTES) 
ME (2x1 12x2+30~5)** 
SWE 2 ~ 2 9 7 6 ~ 2 t 2 6 0 x 5 )  
S I DE I CCGE (2x I280x2t 196x5 
PSE (2x86x2t8x5) 
HSKP (2~9Ox2t90x5) 
CMD (2x1x2t1x5) 
QUAL I TY/GMT (2x I 4x2t2x5) 
TOTAL - ONE ALSEP 
TOTAL - TWO ALSEP 

WORK AREA (BYTES) 
ONE ALSEP 
TWO ALSEPS 

45% - - 
= 225 
= 550 

= 598 
= 13,204 
= 6,100 
= 344 
= ' 810 

9 
66 

= 42,262 

- - - - 
= 21,131 

= 3,000 
= 6,000 

* A  TOTAL OF FIVE DISPLAY ROUTINES ARE 
REQUIRED - ONE FOR EACH ROUTINE AND 
ONE FOR SUBSYSTEM HOUSEKEEPING/ 
COMMANDS. 

30 PARAMETER 5 BYTES 
HEAD I NGS PER HEADING 

2 DISPLAY I 12 S A ~ P L E S  2 BYTES 
BUFFERS I N  EACH PER SAMPLE . D I SPLAY CYCLE 

ADVANCE 
FRAME COUNT 

TO NEXT 
CYCLE 

FIGURE 8 - DISPLAY 


